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10 

This invention relates to a method of heat- 
ing materials using alternating magnetic fields, 
and also to structures comprising a material 
adapted for use in such methods. 

15 In many processes for heating materials, it 
is desired to have complete control of the 
degree of heating, the precise location of 
heating and the rate and duration of the 
heating and cooling cycles. One such process 

20 involves heat-sealing flexible substrates such 
as paper, paperboard, glassine, etc. having 
coated thereon a heat-activatable protective 
adhesive organic coating, to thereby form 
cartons or other containers, such as milk 

25 cartons, or cartons or packages for other food 
products. In such a process the amount or 
degree of heating is important. Excessive heat 
will destroy or damage the organic coating 
and/or char the substrate. Also the coating 

30 may melt throughout the entire layer and dif- 
fuse into the porous substrate, thus destroy- 
ing the adhesive effeaiveness thereof. Insuffi- 
cient heating will not properly activate the 
coating thus prohibiting the formation of ad- 

35 herent bonds. The location of the heating is 
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uc luiccu lu upcrate at an unaesiraoiy slow 43 
pace to permit adequate heating. Similarly, 
if the rate of cooling is too long, the indi- 
vidual work pieces cannot be immediately 
stacked or placed adjacent to other surfaces, 
thus hampering the rate of output of the 50 
process. On the other hand, if the duration 
of heating is too short, the coating will not 
be properly activated. Similar problems are 
encountered in other processes for heating 
other materials. 55 

Praaitioners of the art have proposed 
several processes for heating materials where 
such problems are encountered. However, no 
completely satisfactory methods have hereto- 
fore been devised. For example, a U.S. Patent 60 
2,393,541, issued to Kohler, describes a tech- 
nique whereby conductive metal particles are 
dispersed in the material which is applied 
to a substrate as desired. The assembly is 
then subjected to a magnetic field causing the 65 
nietal particles to heat, primarily by hystere- 
sis losses, thereby heating the material. While 
this technique, as described, is suitable for 
many purposes, the rate of heating the metal 
particles is inherently unduly slow, requiring 70 
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We, E. I. Du Pont de Nemours and 
Company^ a corporation organized and exist- 
ing under the laws of the State of Delaware, 
located at Wilmington, State of Delaware, 
United States of Arnerica, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

This invention relates to a method of heat- 
ing materials using alternating magnetic fields, 
and also to structures comprising a material 
adapted for use in such methods. 

In many processes for heating materials, it 
is desired to have complete control of the 
degree of heating, the precise location of 
heating and the rate and duration of the 
heating and cooling cycles. One such process 
involves heat-sealing flexible substrates such 
as paper, paperboard, glassine, etc. having 
coated thereon a heat-activatable protective 
adhesive organic coating, to thereby form 
cartons or other containers, such as milk 
cartons, or cartons or packages for other food 
products. In such a process the amount or 
degree of heating is important. Excessive heat 
will destroy or damage the organic coating 
and/or char the substrate. Also the coating 
may melt throughout the entire layer and dif- 
fuse into the porous substrate, thus destroy- 
ing the adhesive effectiveness thereof. Insuffi- 
cient heating will not properly activate the 
coating thus prohibiting the formation of ad- 
herent bonds. The location of the heating is 
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important since it is only necessary to heat 
the coating in the precise areas where the 
coating must be activated, such as in the area 
of overlapping flaps. In some processes it is 
absolutely critical that the material should not 40 
be heated except in certain precise areas. The 
rate and duration of the heating and cooling 
cycles is also important. If the rate and dura- 
tion of heating are too long, the process will 
be forced to operate at an undesirably slow 45 
pace to permit adequate heating. Similarly, 
if the rate of cooling is too long, the indi- 
vidual work pieces cannot be immediately 
stacked or placed adjacent to other surfaces, 
thus hampering the rate of output of the 50 
process. On the other hand, if the duration 
of heating is too short, the coating will not 
be properly activated. Similar problems are 
encountered in other processes for heating 
other materials. 55 

Practitioners of the art have proposed 
several processes for heating materials where 
such problems are encountered. However, no 
completely satisfactory methods have hereto- 
fore been devised. For example, a U.S. Patent 60 
2,393,541, issued to Kohler, describes a tech- 
nique whereby conductive metal particles are 
dispersed in the material which is applied 
to a substrate as desired. The assembly is 
then subjected to a magnetic field causing the 65 
metal particles to heat, primarily by hystere- 
sis losses, thereby heating the material. While 
this technique, as described, is suitable for 
many purposes, the rate of heating the metal 
particles is inherently unduly slow, requiring 70 
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several minutes to properly heat the material. 
Thus, this technique is not suitable for high 
speed, mass production processes. 

Another technique is described in U.S. 
5 Patent 2,475,758, issued to Vore, whereby 
heat-sealable surfaces may be activated by 
providing an electrically conductive band of 
metal particles in contact with the heat-seal- 
able surfaces, which is then subjected to an 

10 electromagnetic field. The electrically conduc- 
tive band is heated by inductive heating 
(eddy current losses), which activates the 
heat-seaiable surfaces. Again, this technique, 
as described, is suitable for many purposes. 

15 The electrically conductive band is heated in 
a fraction of a second, provided it is heavily 
loaded v/ith the electrically conductive metal 
particles. However, it is difficult to control 
the degree of heating using this technique, 

20 since by inductive heating, the temperature 
of the metal particles continues to rise above 
the Curie point thereof. This in turn, can 
lead to degradation of the material, resulting 
in charring of the substrate, and other un- 

25 desirable effects. 

An object of this invention is to provide 
an improved method of heating materials. 

An additional object is to provide materials 
adapted for use in such processes. 

30 According to the invention there is pro- 
vided a method of heating a material com- 
prising associating said material with finely 
divided, multidomain, non-conductive anti- 
ferromagnetic particles as herein defined so 

35 that heat generated in said particles is trans- 
ferred to said material, and subjecting the 
said particles to an alternating magnetic field 
having a frequency of at least 10 megacycles 
per second whereupon the temperature of 

^0 said particles increases towards a maximum 
temperature equal to the Neel temperature 
of the particles and said material is heated 
thereby. 

The terminology used to describe the mag- 

45 netic properties of materials, unfortunately, 
is not uniform in the literature in respect 
of the terms "ferrimagnetic " and " antiferro- 
magnetic". In Waldron, Ferrites, D. Van 
Nostrand Co. Ltd., London, (1961) p. 31, 

50 it is recited that the name " ferrimagnetism " 
was given by Neel to the phenomenon of the 
alignment of electron spins in anti-parallel 
directions, and the name " anti-ferromag- 
netism" to the case of "ferrimagnetism" in 

55 which the anti-parallel spins cancel exactly 
these terms becoming generally accepted; 
Waldron goes on however to state that this 
use of these terms is misleading and apt to 
cause confusion and proposes to abandon the 

60 term "ferrimagnetism" and to use the term 
" anti-ferromagnetism " in its place, and pro- 
poses a new terminology such as "balanced 
anti-ferromagnetism" to define the phenome- 
non which Neel called " anti-ferromag- 

65 netism ". This state of cpiifusion is confirmed 



in Van Der Ziel, Solid State Physical Elec- 
trcrtics^ (1957) pp. 552—553. For the 
purposes of this specification and in order 
to avoid confusion as employed hereafter the 
words "anti-ferromagnetic material as here- 70 
in defined are intended to define a material 
of the type which Neel called " ferrimag- 
netic ", i.e. a material which embodies the 
phenomenon of the alignment of electron 
spins in anti-parallel directions. It is to be 75 
noted that anti-ferromagnetic materials as 
herein defined are uncompensated as ex- 
plained in the above mentioned Van Der Ziel 
reference. 

These antiferromagnetic materials as 80 
herein defined are all familiar to those 
skilled in the art and are to be found 
among sulfides, oxides or mixed oxides of 
chromium, manganese, iron, cobalt, and 
nickel, either alone where appropriate or to- S5 
gether with oxides or mixed oxides of the 
alkali metals (i.e., lithium, sodium, potassium, 
and rubidium), alkaline earth metals (i.e., 
beryllium, magnesium, calcium, strontium, 
barium, and radium), rare earth metals (i.e., 90 
lanthanum and the other elements of atomic 
numbers 57 to 71 of the periodic table), 
and other metals, such as copper, zinc, vana- 
dium, titanium, and aluminium, wherein the 
compound has certain crystal structures, in par- 95 
ticular, spinel, garnet, perovskite, or pyrrotite. 
The preferred antiferromagnetic materials as 
herein defined are those including the oxides 
and mixed oxides of chromium, manganese, 
iron, cobalt, and nickel either alone or in 100 
combination with the other metals, described 
above, and preferably those wherein the com- 
pound has the spinel crystal structure. 

These antiferromagnetic materials as here- 
in defined are electrically nonconductive, that 1C5 
is, they have electrical resistances of at least 
10-- ohm-cm. and typically of up to 10'' 
ohm-cm., and higher. 

It is critical that the antiferromagnetic 
material as herein defined be finely divided. 110 
However, it is also essential that the finely 
divided particles be multidomained, that is, 
each particle must contain more than one, and 
preferably many, " Bloch walls " which separ- 
ate regions of magnetization, and which are 115 
termed " domains These domains are thin 
laminar transition regions in which the mag- 
netization changes from the direction existing 
outside the wall on one ?ide to the direction 
existing on the outside of the other side of 120 
this wall, the directions differing by either 
180 or 90 angular degrees. TTius the lower 
limit on particle size is determined by the fac- 
tor that the particle must be multidomained. 
The precise size of the domain varies wixh 125 
different materials. Particles on the order of 
0.01 microns in ssize have been known to be 
multidomained. The particles may be as large 
as 5 microns in size. Preferably, the particles 
range from 0.1 to 5 microns in size. Par- 130 
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tide size is criucal to this invention, pri- 
marily to insure proper heating characteris- 
tics, but also to obtain proper suspension of 
the particles in a liquid medium, and to ren- 
5 der the coating of such particles smooth to 
the touch. 

It should be noted that these antiferro- 
magnetic materials as herein defined, inher- 
ently, are extremely friable. Therefore, ordi- 

10 nary grinding equipment, such as a ball-mill, 
may be used to conveniently obtain the re- 
quisite finely-divided particle sizes. By way 
of contradistinction, the conductive metal 
particles used heretofore are far less friable, 

15 When these previously used conductive metals 
are reduced in size, the particles fuse to- 
gether, or "smear", as they approach the 
size of the finely-divided particles used in 
this invention. In fact, it is extremely difficuh 

20 to obtain particles of conductive metals less 
than 75 microns in size. A few complicated 
methods are available for producing such 
finely-divided conductive metal particles such 
as particular complex chemical precipitations 

2- in liquid media, and by vapor deposition on- 
to a fluid surface. However, these latter tech- 
niques^ obviously, are totally unsuitable in 
uses such as contemplated ifor the present 
invention. 

30 For convenience, these finely-divided muhi- 
domain particles of nonconductive antiferro- 
magnetic material as herein defined are re- 
ferred to hereinafter as " antiferromagnetic 
particles as herein defined ". 

^5 It will be appreciated that the Neel tem- 
perature of the antiferromagnetic material as 
herein defined determines the maximum tem- 
perature to which the material is heated upon 
subjection to the alternating magnetic field 

40 that is, once the material reaches its specific 
Neel temperature the magnetic effects cease, 
and the temperature of the material will not 
be raised further. This effect is similar to that 
known in the art which is associated v/ith the 

*5 Curie temperature of ferromagnetic metals. 
However, the antiferromagnetic materials as 
herein defined typically have a much more 
abrupt transition at their neel temperature 
than do the metals at their Curie tempera- 

50 ture. Furthermore, the antiferromagnetic 
materials as herein defined generally possess 
a relatively high and uniform permeability 
over the whole temperature range from room 
temperature to the Neel temperature so that 

55 considerable heating is produced at all tem- 
peratures between the starting temperature 
and the desired final temperature. This re- 
sults in both extremely rapid heating and fine 
temperature control. 

W Thus, the degree or amount of heating is 
precisely controlled by selection of an anti- 
ferromagnetic material as herein defined hav- 
ing a^ particular Neel temperature. Such 
materials are commercially available having 

65 various Neel temperatures, and therefore, 



seleaion of the proper antiferromagnetic 
material as herein defined is within the ordi- 
nary skill of practitioners of the art. Nor- 
mally, it is necessary to select an antiferro- 
magnetic material as herein defined having a 70 
Neel i:emperature of at least the temperature 
to which it is desired to heat the material 
to be heated. The upper temperature is 
limited only by the degradation temperature 
of the material to be heated and/or the de- 75 
gradation temperature of any substrate or 
other adjacent bodies. 

The alternating magnetic field must have 
a frequency of at least 10 megacycles per 
second, and preferably in the range 40 to 80 
2500 megacycles. Ordinary conductive metal 
particles as used in prior art processes are 
magnetically responsive, i.e., become heated, 
when subjected to an alternating magnetic 
field in the kilocycle per second range, or one 85 
megacycle at the most. However, the anti- 
ferromagnetic particles as herein defined used 
in this invention are not sufficiently respon- 
sive to such frequency, heretofore considered 
"high frequency". Instead, they must be 90 
subjected to a field having a frequency at at 
least 10 megacycles per second In order to 
heat at a practical rate. The particles reach 
their Neel temperature within milliseconds 
upon subjection to such extremely high fie- S5 
quencies, whereas the ordinary conductive 
metal particles may require on the order of 
several minutes to heat. Upon removal from, 
or disruption of, the magnetic field, the 
antiferromagnetic particles as hereindefined 100 
cool to room temperature, again within milli- 
seconds. 

It should be noted that the conductive 
metals used in the art heretofore in conjunc- 
tion with relatively low frequency magnetic 105 
radiation, are for all practical purposes, com- 
pletely inoperable in the present invention 
which employs the extremely high frequency 
alternating magnetic field of at least 10 
megacycles per second and preferably, at HO 
least 40 megacycles per second. Upon sub- 
jection to such frequencies, the conventional 
conductive metal particles spark, resulting in 
tracking, charring of the substrate and non- 
uniform heat patterns, 115 

In passing it is also noted that tlie density 
of the conductive metals used in the art here- 
tofore generally is about twice that of the 
antiferromagnetic materials as herein defined 
used in this invention. Consequently, the prior 120 
art conductive metal particles are difficult to 
suspend in a liquid medium to produce a 
satisfactory ink or the like. 

To ensure optimum efficiency, the magnetic 
field must have a flux density of at least 125 
50 gauss, with 50 to 500 gauss being the 
normal operating range, and 100 to 300 gauss 
being^ the preferred range. 

This invention provides a heat source for 
heating a wide variety of materials to attain 130 
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a useful result. For examplcj certain solid 
thermoplastics may be melted to secure ad- 
hesive properties associated with the so-called 
hot-melt adhesives. Volatile liquids may be 

5 evaporated by heating the liquids to their 
vapor points. Gaseous and liquid materials 
may be heated to the temperature at which 
they become reactive in particular chemical 
reactions. Curable resins may be heated to 

10 the temperature at which chemical cross-link- 
ing occurs. 

Thus, this invention may be used to acti- 
vate heat-activatable adhesives i.e. adhesives 
of the type wherein the adherent function 
15 of the adhesive is realized when the adhesive 
is heated such as the various thermoplastic 
hot-melt adhesives, for example, polymer- 
modified petroleum wax compositions. Par- 
ticularly preferred polymer-modified petro- 
20 leum wax compositions are those containing 
olefin polymers, such as homopolymers and 
copolymers of ethylene, propylene, isobuty- 
lene, etc., especially ethylene copolymers, 
that is, ethylene polymers containing one or 
25 more additional copolymerized monomer, 
such as ethylene/vinyl acetate, eth^/lene/ethyl 
acrylate, ethylene/l,4-hexadiene, ethylene/ 
methyl methacrylate, ethylene/methacrylic 
acid and the like. One preferred composition 
30 comprises 50 to 99,9% by weight petroleum 
wax, 50 to 0.1% by weight of an ethylene/ 
vinyl acetate copolymer having a vinyl ace- 
tate content of 15 to 35% by weight and a 
melt index of 0.1 to 500, and 0 to 40% by 
35 weight of a resin, esterified resin, rosin or 
esterified rosin. 

As is familiar to those skilled in the art, 
these heat-activatable adhesives are useful for 
adhering a variety of different types of sub- 
40 strates such as paper (including the so-called 
paperboard or cardboard), various metals, 
plastics, leather, glass, etc., either to like or 
different substrates. For example, by use of 
these heat-activatable adhesives in accord- 
45 ance with this invention one metal substrate 
can be adhered to another metal substrate, 
metal can be adhered to paper, paper to 
paper, leather to paper and so forth. 

According to the invention therefore there 
50 is also provided a method of adhering to- 
gether at least two surfaces by means of a 
heat-activatable adhesive, i.e. an adhesive of 
the type wherein the adherent function of 
the adhesive is realized when the adhesive 
55 is heated, at least one of said surfaces carry- 
ing a coating of said heat-activatable adhe- 
sive on at least the area thereof to be ad- 
hered, comprising associating said adhesive 
with finely divided, multidomain, non-con- 
60 ductive antiferromagnetic particles as here- 
in defined so that heat generated in said par- 
ticles is transferred to said adhesive, contact- 
ing said surfaces to be adhered and, while 
said surfaces are in contact, subjecting said 
65 particles to an alternating magnetic field 



having a frequency of at least 10 megacycles 
per second whereupon the temperature of said 
particles increases towards a maximum tem- 
perature equal to the Neel temperature of the 
particles and said heat activatable adhesive is 70 
heated thereby. 

The invention is especially useful for pre- 
paring cartons or other containers such as 
milk cartons, frozen food containers and the 
like, using such heat-activatable adhesives. 75 

Thus the invention also extends to a blank 
for erection into a box or carton or other 
container having end flaps to be adhered 
when the container is erected from the blank, 
said end flaps or the portion of the blank 80 
registering with the end flaps when the con- 
tainer is erected having coated thereupon a 
composition comprising finely divided, multi- 
domain, nonconductive, antiferromagnetic 
particles as herein defined, and a heat-aai- 85 
vatable adhesive being coated upon at least 
part of the blank so as, in erection of the 
container, to register with the coating of said 
composition so that when the particles of said 
composition are subjected to an alternating 90 
magnetic field having a frequency of at least 
10 megacycles per second their temperature 
rises towards a maximum temperature equal 
to the Neel temperature of the particles and 
the heat-activatable adhesive is heated. 95 

In this v/ay substrates such as carton or 
container blanks arc provided with a coating 
of the heat-activatable adhesive, at least over 
the areas of the surfaces thereof to be ad- 
hered together. When the aforedcscribed poly- 100 
mer-modified petroleum wax compositions 
are employed, the entire substrate is coated, 
at least on one side, to provide a protective 
barrier coating. The adhesive on at least one 
of the surfaces must be in intimate contact 105 
with the finely-divided multidomain non- 
conductive antiferromagnetic particles as 
hereindefined. Thus, the particles may be in a 
physical admixture v/ith the adhesive on one 
or both of the surfaces to be adhered. How- 110 
ever, it is preferred to use the structure pro- 
vided by this invention which comprises a 
paper (including the so-called paperboard and 
cardboard) substrate having coated on at least 
a portion of the surface thereof (i.e., at least 115 
on the areas of the surfaces to be adhered) 
a heat-activatable adhesive such as a poly- 
mer-modified wax composition, and a com- 
position comprising finely divided multi- 
domain nonconductive antiferromagnetic par- 120 
tides as herein defined having particle sizes 
of less than 5 microns. 

The composition comprising the antiferro- 
magnetic particles as herein defined is gener- 
ally prepared fronrf-' a dispersion of the par- 125 
ticles and a binder^ such as a natural or syn- 
thetic resin or glue, preferably polyvinyl ace- 
tate, in a liquid dispersing medium or sol- 
vent for the binder such as a lower alcohol, 
such as methanol, ethanol, isopropanolj etc. 130 
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Tliis coating composition is applied to one 
or both of the surfaces to be adhered in the 
areas where adherence is desired. The top- 
coating is then applied at least over the areas 
covering the above-described coating com- 
prising the antiferromagaetic particles as 
herein defined, and preferably is applied to 
at least one entire surface of the substrate. 
The substrate is then folded, as desired, and 
is passed through the alternating magnetic 
field, with the surfaces to be adhered being 
in contact with each other. The antiferro- 
magnetic particles as herein defined are 
heated to^ their Neel temperature and cooled 
within milliseconds, so that the heat-activat- 
able adhesive is heated and then cooled to a 
non-tacky temperature also within millisec- 
onds, thus permitting extremely fast mass 
production. 

This invention may also be used to dry 
ordinary printing inks for use on high speed 
printing presses, whereby finely-divided anti- 
ferromagnetic particles as herein defined are 
dispersed in the printing ink. Immediately 
after the substrate is printed, it is passed 
through an alternating magnetic field, caus- 
ing the particles to heat and evaporate the 
solvents used in the ink, effecting virtually in- 
stantaneous drying of the ink, and permitting 
the printed substrates to be immediately 
stacked after printing. Moreover, since only 
the ink is heated, and since it is heated and 
then cooled ail within a fraction of a second, 
the paper itself is not detectably heated. 
Thus, water which is inherently present in 
the paper is not evaporated, thereby eliminat- 
ing any possible shrinking of the paper- 
Similarly, this technique can be employed 
with inks which contain an oxidizable liquid 
vehicle, such as the lithographic inks based 
upon linseed oil. By use of this invention 
the ink vehicle can be virtually instantaneously 
heated to the proper oxidizing temperature 
and then cooled, with the above-indicated 
advantages inherently accruing. 

This invention also provides a technique 
for heating gases or liquids to proper tem- 
perature for reactions in chemical processes,- 
by passing the gases or liquids through a 
fixed or fluid bed of finely-divided multido- 
main antiferromagnetic particles as herein de- 
fined which are continually subjected to an 
alternating magnetic field. Such a process 
may^ be very effectively conduaed where the 
particles are embedded in a catalyst support 
used in the process. 

The following exampl'' serves to further 
illustrate this invention; all parts are by 
weight unless otherwise stated. A carton of 
the type generally describ -d in U. S. Patent 
2,695,745 was prepared by coating only the 
flap areas to be sealed of the carton with a 
composition comprising finely-divided, non- 
conductive, antiferromagnetic particles as 
herein defined. This composition was pre- 



pared from a commercial ferrite consisting 
essentially of about 10'-'. NiO, 6% ZnO, 
1% MnO and 83% FeO„ and having a 
Neel temperature of 385 C, an initial per- 
meability of 115, and a volume resistivity 
of 2.5X10; ohm-cm. at 30" C. This ferrite 
was ball-milled for about 16 hours in water. 
The mill slip was then filtered, dried and 
crushed to an average particle size of about 
3 microns. The ferrite particles were then 
mixed with a 30% solution of polyvinyl ace- 
tate (weight average molecular weight of 
70,000) in a mixture of methyl and ethyl al- 
cohol, to obtain a composition containing 
67% ferrite and 33% polyvinyl acetate solu- 
tion, having a viscosity of about 700 centi- 
poise. This composition was then coated onto 
the carton blank flaps as described above. 
The entire carton blank was then coated with 
an ethylene/vinyl acetate-paraffin wax com- 
position. The carton blank was folded and 
positioned on a mandrel, adjacent to an elec- 
trode structure in the pressure pad. A 40 
megacycle per second alternating magnetic 
field of 125 gauss was generated. The coating 
on the flaps reached its sealing temperature 
within 100 milliseconds, whereupon the alter- 
nating magnetic field was disrupted, and the 
surfaces of the adjacent flaps in contact with 
each other cooled to room temperature and 
fused together within 200 milliseconds. No 
external cooling of the mandrel or pressure 
pad was required. Strong, paper-tearing, non- 
leaking bonds were obtained. The coating did 
not melt elsewhere on the carton. A durable 
carton was formed. 

By repeating the foregoing example using 
a flux density of 200 gauss, the coating on 
flaps reached its sealing temperature within 
20 milliseconds, at which time the alternating 
magnetic field was disrupted and the surfaces 
of the adjacent flaps in contact with each 
other cooled to room temperature within 100 
milliseconds. Again, strong, paper-tearing, 
nonleaking bonds were obtained; the coating 
did not melt elsewhere on the carton; and a 
durable carton was formed. 

WHAT WE CLAIM IS: — 

1. A method of heating a material com- 
prising associating said material with finely 
divided, multidomain, non-conductive anti- 
ferromagnetic particles as herein defined so 
that heat generated in said particles is trans- 
ferred to said material, and subjecting the 
said particles to an alternating magnetic field 
having a frequency of at least 10 mega- 
cycles per second whereupon the temperature 
of said particles increases towards a maximum 
temperature equal to the Neel temperature 
of the particles and said material is heated 
therebv. 

2. A method as claimed in claim 1 where- 
in the said material is supported on a sub- 
strate of paper, metal, plastic, leather, glass 
or fabric. 
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3. A method of adhering together at least 
two surfaces by means of a heat-activatable 
adhesive, i.e. an adhesive of the type where- 
in the adherent function of the adhesive is 

5 realized when the adhesive is heated, at least 
one of said surfaces carrying a coating of 
said heat-activatable adhesive on at least the 
area thereof to be adhered, comprising asso- 
ciating said adhesive with finely divided, 

iO multidomain, non-conductive antiferromag- 
netic particles as herein defined so that heat 
generated in said particles is transferred to 
said adhesive, contacting said surfaces to be 
adhered and, while said surfaces are in con- 

15 tactj subjecting said particles to an alternat- 
ing magnetic field having a frequency of at 
least 10 megacycles per second whereupon the 
temperature of said particles increases to- 
wards a maximum temperature equal to the 

20 Neel temperature of the particles and said 
heat activatable adhesive is heated thereby. 

4. A method as claimed in claim 3 where- 
in said particles are dispersed in a composi- 
tion including a binder and a liquid dispers- 

'-'3 ing medium and the dispersion formed there- 
by is applied as a coating to one or both 
of the surfaces to be adhered in the areas 
thereof where adherence is desired. 

5. A method as claimed in claim 3 or 4 
30 wherein said heat-activatable adhesive is a 

polymer-modified petroleum wax composi- 
tion. 

6. A method as claimed in claim 5 where- 
in said polymer-modified petroleum wax com- 

35 position comprises 50 to 99.9% by weight 
of petroleum wax, 50 to 0.1% by weight of 
an ethylene/vinyl acetate copolymer having 
a vinyl acetate content of 15 to 35% by 
weight, and a melt index of 0.1 to 500, and 

40 0 to 40% by weight of a resin, an esterified 
resin, a rosin or an esterified rosin. 

7. A method as claimed in any of claims 
3 — 6 in which said surfaces are paper sur- 
faces. 

45 8. A method as clamed in any of the pre- 
ceding claims wherein said particles are less 
than 5 microns in size. 

9. A method as claimed in claim 8 where- 
in said particles are at least 0.01 microns in 

50 size. 

10. A method as claimed in any of the 
preceding claims wherein said particles are 
ferrites. 

11. A method as claimed in any of the 
55 preceding claims in which said particles have 

an electrical resistance to 10~'" to 10^ ohm- 
cm. 

12. A method as claimed in any of the 
preceding claims wherein said field has a 

60 frequency of 40 to 2500 megacycles per 
second. 

13. A method as claimed in any of the 
preceding claims wherein said field has a 
fiux density of at least 50 gauss. 

65 14. A method as claimed in any of the 



preceding claims wherein said field has a 
flux density of not more than 500 gauss. 

15. A method as claimed in claim 14 
wherein said field has a flux density of 100 

to 300 gauss. 70 

16. A method as claimed in any of the 
preceding claims wherein said particles are 
subjected to said magnetic field for up to 
100 milliseconds. 

17. A method of heating a material as 75 
claimed in claim 1 and substantially as here- 
in defined. 

18. A method of adhering together at least 
two surfaces by means of a heat-activatable 
adhesive as claimed in claim 3 and substan- 80 
tially as herein defined. 

19. A heat activatable adhesive, i.e. an 
adhesive of the type wherein the adherent 
function of the adhesive is realised when the 
adhesive is heated, comprising a thermo- 85 
plastic hot-melt adhesive in association with 
finely divided, multidomain, non-conductive, 
antiferromagnetic particles as herein defined 

so that heat generated in said panides is 
transferred to the said thermoplastic hot- W 
melt adhesive, the said adhesive being cap- 
able of being heated towards a maximuni' tem- 
perature equal to the Neel temperature of 
the said particles when the said particles are 
subjected to an alternating magnetic field 
having a frequency of at least 10 megacycles 
per second so as to realize its adherent func- 
tion. 

20. A heat activatable adhesive as claimed 
in claim 19, formed upon at least a portion 

100 

of a substrate of paper, metal, plastic, leather, 
glass or fabric for example, the said particles 
being in contact with the said thermoplastic 
hot-metal adhesive. 

21. A heat activatable adhesive as claimed 105 
in claim 19 or 20 wherein said particles are 

less than 5 microns in size. 

22. A heat activatable adhesive as claimed 
in claim 21 wherein said panicles are at 
least 0.01 microns in size. HO 

23. A heat activatable adhesive as claimed 
in any of claims 19 to 22 wherein said par- 
ticles are ferrites. 

24. A heat activatable adhesive as claimed 
in any of claims 19 — 23 in which said par- 
tides have an electrical resistance of 10"- to 
10^ ohm-cm. 

25. A heat activatable adhesive as claimed 
in any of claims 19 to 24 wherein said 
thermoplastic hot melt adhesive is a polymer ^^O 
modified petroleimi wax composition. 

26. A heat activatable adhesive as claimed 
in claim 25 wherein said polymer-modified 
petroleum wax composition comprises 50 to 
99.9 ?o by weight petroleum wax, 50 to 0.1% 125 
by v/eight of an ethylene/vinyl acetate co- 
polymer having a vinyl acetate content of 1*5 

to 35%. by weight and a melt index of 0.1 
to 500, and 0 to 40"'.'. by weight of a resin, 
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an esterified resin, a rosin or an esterfied 
rosin. 

27. A blank for erection into a box or 
canon or other container having end flaps 
to be adhered when the container is erected 
from the blank, said end flaps or the por- 
tion of the blank registering with the end 
flaps when the container is ereaed having 
coated thereupon a composition comprising 
finely divided, multidomain, non-conductive, 
antiferromagnetic particles as herein defined, 
and a heat-activatable adhesive being coated 
upon at least part of the blank so as, in 
ereaion of the container, to register with 
the coating of said composition so that when 
the particles of said composition are sub- 
jected to an alternating magnetic field having 
a frequency of at least 10 megacycles per sec- 



ond their temperature rises towards a ma.xi- 
mum temperature equal to the Neel tem- 
perature of the particles and the heat-aaivat- 
able adhesive is heated. 

28. A blank as claimed in claim 27 where- 
in said heat activatable adhesive is as claimed 
in any of claims 19 to 26. 

29. A heat activatable adhesive as claimed 
in claim 19 and substantially as herein des- 
cribed. 

30. A blank for erection into a box or 
carton or other container as claimed in claim 
27 and substantially as herein described. 

For the Applicants, 
FRANK B. DEHN 
Chartered Patent Agents, 
Imperial House, 15 — 19, Kingsway, 
London, W.C.2. 
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